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SING1E CHAIN ANTIBODY (SCA) ENCODING GENES* 

ONE-STEP CONSTRUCTION 

AND EXPRESSION IN EUKARYOTIC CELLS 

vorgc T. Davis, William D. Bcdzyk 1 , Edward W. Voss 1 and Thomas W.Jacobs* 

.VparuncrHS of Plain llio)op:y .inrt 1 Mil lolmilnyy. I'ni\risii> ol Illinois. l,'di;\M;i, II UlrtOl. *Con i es(.».>iittin)* .\ jihoi. 



We report the expression, in eukaryotic 
cells, of a gene encoding a single chain 
antibody (SCA) and a rapid method for the 
construction of such genes. A SCA di- 
rected against the aromatic dye fluores- 
ce n was synthesized from a gene con- 
tracted by means of the simultaneous use 
of four PCR primers and templates of both 
light and heavy chain immunoglobulin 
cUNAs in the form of either plasmid 
clones or reverse transcribed hybridoma 
RNA. Two of the primers were partially 
complementary to one another and en- 
nied the polypeptide linker which joins 
ie immunoglobulin light and heavy chain 
variable domains of the SCA polypeptide. 
A functional, hapten-binding product was 
synthesized from the gene thus con- 
structed in both E, coli and the fission 
yeast, Schizosaccharomyces pombe. Our re- 
sults demonstrate that gene constructs cn- 
' ding single chain antigen binding pro- 
ins can be synthesized very rapidly with 
only limited sequence information about 
the pertinent light and heavy chain immu- 
noglobulin genes, and, that neither mu- 
rine codon usage bias, Thermus aquaticus 
DNA polymerase infidelity, nor the eu- 
karyotic cellular environment preclude 
r ; e synthesis of functional single chain 
l. tigen binding proteins in non-lym- 
phatic, non-murinc eukaryotic cells. 

Single chain antigen hunting proteins (01 single 
chain antibodies. SCAs) consist of immunoglob- 
ulin light and heavy chain variable domains teth- 
ered by a polypeptide linker* Because SCAs 
can bind cognate antigens or haptens with affinities ap- 
proaching those ol their parent monoclonal antibodies. 
S< v$ may have many applications where effecror func- 
tions mediated by immunoglobulin constant regions arc 
Unnecessary or are a liability. For example, SC An directed 
against a cell type-speciik surface antigen have been 
coupled to an immunotoxin, thereby targeting I he tnvin 
to a unique cell type 3 . 

We are interested in exploring ihe physiological conse- 
quences of expressing single chain antibodies in trans- 
genic, non-lymphaiic eukaryotic veils. To this end. we 



have developed a polymerase chain reaction (PCR)-basfcd 
method for rapidly synthesizing SCA -encoding genes and 
have evaluated expression of such constructs in an easily 
manipulated and rapidly assayed eukaryote, the fission 
yea si. Sckiiomttharamyccs potnbe. Our gene svnthesis 
method i$ similar to "splicing hy overlap extension"* 1 but 
involves the use at PCR not only in fuse light and heavy 
chain immunoglobulin gene sequence:; but also to incor- 
porate a new polypeptide encoding domain between 
I hem. The process is great ly .simplified by the finding* that 
both templates and all primers can he. mixed in a single 
reaction mixture and dial reverse transcribed hybridoina 

RNA be used as template. Wr: also show that such 

const runs ran be expressed in eukaryotic tells to yield 
functional, antigen-binding proteins. 

RESULTS 

The fluorescein hapten system. Monoclonal antibody 
exhibits high alhniiy lor the polycydic niomatic 
hapten fluorescein. 1 he relative affinity has been deter- 
mined to he 1.8 x. 10"' M" 1 for this aniibody-aniigcu 
com pics'. Binding of 1 1 20 to fluorescein results in a 
marked (up to 9/i # J reduction in the la tier's Hnnretrenre 
at 3'lri nm when e.xeiied h) an aclinic: wavelength of 403 
nm. Complementary DNA dunes encoding rhe 1-1-20 
variable light and heavy drains have been obtained and 
fully sei jur need n In addition, the crystal structure of Lhe 
■1-1-20 monoclonal antibody has recently been reported 7 . 
Just as sortie ol iliese features made the 4-4-20/fluorescdn 
system an attractive model for ihe design and synthesis of 
the Hn;t single chain antigen binding .protein (SCA) 1 , w<» 
chose ibis system for further development of SCA gene 
synthesis technology and in vivo eukaryotic expression 
studies. 

One-step construction of 4-4-20 SCA-en coding gene. 

In onlei to Facilitate the manipulation and analysis of 
alternative SCA designs, wc developed a PCR -based 
method lor rhe construction of SCA -encoding genes that 
avoid* their assembly from oligonucleotides as reported in 
previous studies 1 ' -. Kas<>d on the published sequence of 
the 4- 4 -20 variable regions and thai, of the SCA linker 
peptide previously reported 1, n - t we designed sets of prim- 
ers for the PCR -based synthesis of a 4-4-20 SCA -encoding 
gene, incorporating features lor its subsequent manipu- 
lation and expression in E, coh. We ( hose to synthesize a 
gvne which would encode, a SCA with the structure 
V, /linker V M . (The construction of SCAs nf the opposite 
structure. V l4 -1inkcr-V L> has also been reported*). Two 
pairs of oligonucleotide PCR primers were made, one pair 
to prime V lt synthesis and one ("or V l4 synthesis (see 
Experimental Protocol). Each primer consisted of 20 
nucleotides of perfect 3' complementarity with its respec- 
tive template, based on published 4-4-20 K v sequences 0 . 
The 5' "tails" of the V L ant isense (V LA N i l) and V„ sense 
(VMSFNSE) primers consisted of 45 nucleotides perfectly 
complementary to one another. These. 45 bases encode 
the lf> amino acid peptide which joins the V L and V M 
domains of the SCA. VLANTI and VHSENSE incorpo- 
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nCVRf 1 Scheme fru PCR-buscd synthesis at Mnglr < I win ^no- 
body encoding genes. Knurr inouduie t> carried 0111 in ;i sin^lr 
tuhr through thr hist PCR synthesis. One irilih ol the liisi PCR 
product ii supplied as templates liu the second PCR synthesis. 
Sec text for details. 
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HWI 2 I'mriiiLis of SCA tfrur synthesis from plasnuM fc;ippa 
and gumma clone templates. l.Sff agarose gel in I r.A buffet win 
siaine<! with cihidimn bromide, l-uic* contain (left tu right) - Sui. 
pJaMniil pUR322 digested with W/n/); $t.;A (23 K- ,SU), I'CK 
pnxlucu of 4-4-20 IgG ePNA plasmid done template*, ;ihn L'a 
and 30 cycles of PCK; No Template f> r i 
previous, except template omitted. 



rated Xhol and HindUI sites, respectively, at the linko-F 
junctions, to facilitate future linger swapping experi- 
ments. The r y "tail" of the V,. sense primer (VLSF.NSEi) 
tarried slop r.odrms in all thrcr reading frames and an 
opi.ii iim ||y situated consensu*; ribosome binding sit**. Th* 
V, sense (VLS'ENSEl) and V H antisense (VHANTl) 
primers carried 5' distal RamHl and RrnRl she*, rcspec. 
lively, as well as terminal "sparer" segments to facilitate 
the cloning of PCR products. 

Tl»t sr.hr.mt* for PCR construction of the 4-4-2(- ;A* 
encoding gene is outlined in Figure 1, Plasmid pi. CIS 
derivatives carrying cDKA copies of (he 4-4-20 IgG light 
and heavy chain encoding germs were, combined "with all 
four oligonucleotide primers in a single PCR synthesis. 
Following 2. r > cycles of PCR. a 10 p i aliquot of crude PCR 
product w;is removed and added to a second PCR reaction 
mixture containing only ihe V, sense (VLSENSEn and 
V,, aniisense (VH AN ft) primers. This second PCR syn- 
thesis consisted oi' an additional 25 cycles with 
profile idmiir.nl io ihai r *f ihr previous symh'." ec 
Kxperimemal Protocol;. The products of-the dr. ...nd 
second 25 cycles of PCR are shown in Figure *). The 
predominant products ol the first 25 cycles are thr indi- 
vidual V,_ and V l( domain-encoding .segments (appox 350 
bp each). A minor product seen at ca. 750 bp is the 
luIMengrh SCA encoding gone. A subsequent set of 25 
PCR cycles led to substantial enrichment for fulMeugdi 
product and greatly facilitated its cloning (Fig. 2). The ca. 
750 hp product was grl-purified and ligatcd into pl'Cl 19 
yielding plasmid pW'Dl. 

h is now possible ro determine the setpie.nc.es - :G* 
encoding genes without cloning i.hc.m v '- '". ThcrcR- ...we 
explored SCA gene synthrsi;; directive from reversr- tran- 
scribed Inhridoma mRNA. U"e performed a PCR synrhc- 
sis tdrntical io tliat described ;il>ovr, but with a template of 
reverse-transcribed RNA isolated from 4-4-20 hybridoma 
cells. The products of this synthesis are shown in Figure 5. 
The producu of tlie^e PCR synthase? are essentinlly 
ifffrnocnl it* those obtained with cloned IgO getnes as 
templates. Total hybridoma crllular RNA app^ ■ to 
provide an adittjuatr reverse u ansciiption tempi;'. 

Verification of the PCR-synthesized SCA-en . uing 
gene. I hc scheme for PCR-based SCA syutheM-. was 
validated hy structttral and functional analysis of the 
cloned gene's product, and. uliimaic!y ( by DNA sequence 
analysis. The 4-4-20 SCA-e ncoding gene was expressed, 
under lor control, in E, colt. Protein prwhicts were visual- 
ized hy probing immimohlots with polyclonal anti-4-4-20 
antiscra (Fig. 4). An ca 27.LD producr, detected by such a 
reagent, was present in the lysate of E. roll earning 
pWt)l, but absent from thai'cirrying the vector pi. ! 19- 
I his protein product was functional!) tested hy a* . *Mnn 
its ability to hind fluorescein-c onjugated Scpharosc. Fig* 
ore 4 shows that an E. roliipW'Dl) lysate contains an ca. 27 
kD product, which can be selectively rrmnved by incuba- 
tion with Htiorcscein-Sepharosr. therefore, the PCR- 
synthesized gene encodes a functional antigen-binding 
protrin, Finally, the entire DN'A sequence of the PCR 
product cloned in pWDl was drtermined and was found 
to conform perfectly with the predicird xrcpie.ucc 'data 
not shown). 

Expression of SCA gene product in fission \x 

SCA structural gene in pV\ Dl was modified iV to 
generate an insert which w;»j cloned into the hssi<;;. ><*ast 
tninslational fusion vector piACF2, yirlthng pBDl (see 
K.K|»prifnental Prorncol). F\prcssion of the 4-4-20 SCA 
from pRDl in .SI ptnnhr provided a lest of SCA synthesis > n 
a non-lymphatic cukai toik cell. Using procedures identi- 
cal to those em ploy rd in finrrt functional SCA ge,* 1 * 
products in E. cnii lysates. above, a Huorescein-hit)ding 
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protein was sought in transgenic fission yr.iM. The immti- 
nnblot in Figure f> .shows that a ca. 27 kl) protein can be 
selectively , removed from lysntes of transgenic : 5. //ow/;r 
with fluoresccin-Scpharose and that (his protein is detect- 
able with anti-4-4-20 antiserum. Therefore, rhc lime- 
lional. fluorescein binding SCA protein is ;d<o expressed 
in S. pttmbt. 

iKSCUSSlON 

Clinical and diagnostic applications, as ucll a* the pros- 
pects for catalytic antibodies '.romimir in promote inter- 
est in monoclonal antibodies. Many <>f these applications 
require neither the Constant domains nor the tetrainei k 
structure of the IgG molecule. .Single eh a in antilMidies 
(SCA.s) have therefore found favor in the molecular 
immunology arena. In I his paper, we have demonstrated 
;i facile procedure for the construction of genes encoding 
ST. A proteins, and have shown that Junctional products 

in be reeovt-rird when such genes arr expressed in l 
. .d fission yeasl. 

While i hi? work wa« in pmgvr«. a similar PCR-ha$ed 
tfe.ne fusion method was reported' 1 which differ* fioru our 
method in two aspects. First, wc have shown that a yield of 
lull-length products sufficient for cloning is obtained by 
rnmhiningnll four primers ;ind freshly synthesized rDNA 
in a single PCR synthesis. Second, we incorporated a 
linker peptide-cncndin< segment into the "inside" pri- 
mers. Construction of a'SCA-e.ncoding gene by a relatively 

ore irdious PCR-based approach has also been report 

1 he product nf -e verse Iran snip lion ol 1-1 L'U hyhrid- 
oma RNA provide* a .suitable pair of light and hr:i\y chain 
cDNA templates lor SCA gene construction (Fig. 3). This 
is a powerful option for PCR-based SCA gene synrhesis. 
since the scmienrr.s of immunoglobulin mRNAs ran be 
determined direcrly from hybridorna inRNW "\ obviat- 
ing the need to clone the respective ujRNAs as cf)N As. 
The abundance of immunoglobulin tn RX A in livbridoiiia 
; :irssage. pools suggests dun template limitation will not 

•elude faithful s'nmienee rcproduennn h\ f'h^vt^ titftutf 

. DNA polymerase. . 

It is customaiv and sufficient for PCR priinei.s to have 
levs eomplemenlaiity with their templates (e.g.. *J0 nucle- 
otides) than the full U r > mn:Us«nid*« of our "inside" pn- 
ntcti' V liiil>. Weir (he mutual complementarity of our 

two "inside" primers confined to their ;V tciminal 21 
nucleotides, then these primers muld have each been 
made 12 bases shorter, or primers of the sam« lengrh 
cold have encoded a linker H amino aiads longer. 

•i a previous report, a -1-1-2*1 SCA identical to thai 
dirsi/ed hei e was recovered frnnt inclusion bodies tit 
; ;'o/;', That wr obtained fun*. lional SCA proteins I rum 
1 vouch piess lysatc supernatant* doe* not imply that. our 
SCA product* from £. roli were more soluble than those 
previously described. Out experiments simplv demanded 
far less protein than the kinetic sindie> i emitted', hoi her 
study will Ik? required to ..I'lanrtfy die svruhesis levels and 
site(s) of intracellular localization nf the -1-1-20 SCA gene 
products in fission yeaM cells. We have recently observed 
that incorporation of an alternate, longer [inker peptide 
si*„ ilieantly enhances SCA production in /" colt fC. 1 
unpublished results'). Q 

Ueffcnerate oligonucleotide primer* 1 *, mixed primers 
complementary to relatively conserved rpgiotu upstream 
and down.itie.am from the IgG variable domain se 
que.iK.0 1 ™, «uid "universal" primers complementary to 
these same regions'*, can be used for cloning of Immu- 
noglobulin rDNAs hy PCR. Applicatinn of mm h tech- 
niques in ronjunction with the synthesis scheme reported 




WURI 3 IVoducts of SCA ^ ^ymhrvi^ hy VCR usinu rever-te 
transcribed hvbricloina cell RNA irmplarcs. Gel conditions as in 
M^uiC 2D and f;u refer to 2:> iiuO 50 cycles of PCR, respectively. 
Lanes contain I left tn right): -Sirl, RRl. I kb ladder, poly A , 
revene truiiAcnbcd poly A" hyhrirtoma mKNA as icmpliUC; 
! nml. rnt^l unlVariiotiiiied hyliri(,lunr t t RNA as leniplatc: No 
RN'A. no RNA added to reverse transcrii na.se reanitm: + Omt, 
jHtsiiivr ( utHrol PCR. 
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IICUU 4 IniivninoM.M of I t 2<l SCA ^tu- pn^lucis r.\pi t-syed in 
/; ,-uh \ii;ii;iU \tsifali/cd bv alkaline phosphatase coupled goat 
ant i- rah bit i^t.s and appiopitair. rlnomotfcnk. sulwtraies. Lanes 

(Otilaiit (left to ji^ln): pt.'CI \\i lysalr, tysah; ot cells CHrrymj; 
nt.C II 1 . ) vector alone; rAVDl rls*-n-Srph.' chwre of Huorear.cin- 
Jieplirtrose inrni>;uiun with Frtneh prtH lysine nl" cells earr^in^ 
Sf: A -expressing pWDI plasmitl; p\VI)l lysate ; umr ;is previous 
lane, prior n> tie^tinrni with alliitily iitauix: pure 4-4-20: semi* 



p£ACE2 



l r 



* * S / / / / / 



~\9 



riCURI $ liiituutu)hha dI -1 ■! 'JU St.' A gene pxHjucu expressed in 
fission vcasi. Signal visualizalion and prolx: as in FiKurc 4. Lanes 
contain (left to riRht): MAh, setni-pnrilied 4-4-20 monoclonal 
nmihody: S(^A, 4-4-20 SCA synthCM/.cd in L. coli; fiiUA, protein 
products of lission yeast carrying SCA-cncodtng plaftmid p^Ul 
from niture*eein .SephiOyst: eluatr. (heads), supernatant from 
affinity matrix incubation (super) and cell ly$ate prior to incuha- 
don with inairix (crude): pF.ACF.2 (l>eads. super, crude), same as 
previous three lanes except cells carried pfACF.2 rloniny vector 
lark in jj SCA ite.ue insert. 
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here should greatly reduce the time remiirrd for con- 
siruciif)ii of single chain antibody encoding gmrs. 

EXPERIMENTAL PROTOCOL 

Reagents and supplies. Oligonucleotides* were synthesized by 
{Kyanoethvlphosphoramidite chemistry on on Applied Uiosys- 
tems Modcld 380 A DNA synthesizer at the L'm\*';'Siiy of Illinois 
Biotechnology Centers Genetic. Kngineering raoh'i\. Drpro 
lected ertide products wcic evaporated to dryness mid prrcip 
itatcd three times in eiliunol. In some instance*, oligcis were 
purilied bv reverse phase. liPLG. <.>ihrr !eiij;i'iii amices were as 
follows: cloned Thennus atntuticw < i aq) UNA poK nit r;i>r. Peilin 
Llmcr Cents; modilied 17 DNA polymerase rsi-micua.se"). \:.S. 
Biorhemical; Novozymc. Calbiochcrn: Musirvc iiginosc, FMG; 
deoxy nucleotide* and nu'idoin hcxi'mnri) nligtidcf>xvnuc.lenudes. 
Pharmacia; KN'Asin and immunological reagents. Piomcgn: phc- 
nyhnelhyhullony] fluoride And lenpeptin, Sigma. All oilier cn- 
zvnics were obtained from belhcsda Resettle h I-ahrirai™ ic\. 
Nitrocellulose BAHii was obtained Irom Schleicher and Schucll. 

Polymerase chain reaction. I 'OR syntheses wvn- i.uin.d <*m in 
100 |xl reaction volumes in 0 5 nil micro! Ltge tubo in riihri rm 
M|H in'C-MKi Thermal Cvclrvm nPcrkin Klrner-'Grtus I hernial 
'Cycler. AM P<*K xynrhc«cs included r>0 p moles each ol >en>c and 
nnii >en*e prinjci>, appiiuoMiitU'h 1 nanogram ol template, I'r*'* 
uM of earn rJX 1 T. lx |»CK huflr-i amsisiinpol 'fi/inM Tm-HCI. 
nH K.H, fi.7 mM Mg('.l.„ Ifi.fi mM (NH., i...S().,. and Ml inM 
0-mercapioethanol and 2.h I" 't'hermw aqumims DNA polymrt- 
fiSf. Re'rii iicin iniximes wri t ovrrliiid with 100 \i\ of mincrrtl oil. 
All PGK profiles consisted of J min dcnal tint tint i ai HT'G. in in 
atiuc^luiK m WC. and 1 min extension at 7TC.. This sequence 
was repeated limrs and was folio wed hv a .S min rvieusino mi 
72 6 C When I'GR svmhrsrs- were performed nhh primary h\- 
bridoma r.DNA products as templates. both revrrsr waiiM'iipiiuu 
of liybridnuia R\'A and P( \R were preformed sequentially in ihr 
v/imr reunion t.dte"*". 4--1 -CO hvbiwlouia RN.A «ii> purified a> 
previously 'described* f>w M.g of total Tm In icbnn.i mKNA va< 
combined wild MM) nmolo ol tandom hrxamcnr ohgndeownn 
t Iroiirlrx, ?ti0 I.'. Malum* Mul V n vnsr transcript w. »0 L . 
KNAsin and uM d.Vl Ps in I x PGK buffer in a lin;il volume of 
20 Thr irai'litm mixture was inruh/ilrd I lit Til heated for 

0 min «i 92 & C and cooled to l°f: To (hi.* niixiiur. primrrs and 7 . 
ofprnnnis 1)\A polymrranrwrrr added in ttd 1 ^ TiK| hulfet *,ind 
v* TCR cycle profile was followed #i> de*rnl»rd alwve. VCR pnrncr 
vrntirnrcs were as folloA\-s f'V-M'i: VI.StNSF.I; (tGGGATCOG 
T A AH A A C f A A A GO A 0 A A (. A A C A A ( ' A A " I( i f i A l( i I ( ; ( i I • 
fiATOACCCAAAC; VLSFVSF^: (.(VCiCA I"l ( \.\ 1 CA 1 Al 

(;a t(;t(;(;t(;a 'Ixjacc-caaac; v lanti. a <;a<; r- 

' A ( i A TTT A ( ; A T*l ( i A { i A A f X ! A ( r A A( !( .A ( i A A fi ATTTA ( XT 

1 f: i 'I I f'iA f C I CCi Mi('.TTGriT(*F(.{.TC(..: VIIM- N .*S 1 ■ 
C A A G G I A A A I C: J T C T G C TTCIT (i (; I 1 G I - 
(iA ATCTA A A I CTAC I CAGGAGG1 OA AGCTTG A T- 
GAGAC 1 (.JGA; VI JAM 1: OCOaVJ" TT TTATdAC-GAGACG- 

(;n;A(;i(iA(r(i. 

Cloning of SC A -encoding genes in £. c«W. The initial K'.K- 
fjenrrated .SGA-cncodinR structural jjene whs; IWrt to the. lar Z 
promoin of pGGl 19 lor expression in li. roll, rroduci* of PGR 
svn theses were immediately extracted wjih phenol chloroform; 
isoamyl alcohul. then chJoioronn:i^o;on\l alrohrd and were rtli- 
anol pre.ripitaied. PGR products and pl'Gl wrrr tla n digested 
with finmlll and EroRJ: en/yinr* whoxr irtognmon scqtienecs 
had been incorporated into the distal TCR prime is. Digestion 
products wrie gcl-puritied. combined and li^ird in ugn'rosi l ~. 
I.igiiliori jirothicis were liiitjsfoi ined into E. (Ui XLI-Jllur (Sir;ii- 
a^ene) usinR standard pn.iu»a»h' h TrHiisl'oriniuit> were initialh 
screened by restriction annlysts of ptnsmids prepared lo the iu\m\ 
lM»ilinjj mei.horl ,vl The vrrifird prcNliici of this construction was 
n/irnen pWUl 

Cloning of MJA-encoding genes in 5. pvmbe. The vector ur^cd 
tor SiCA gene expression in S. pimibe was pKACM'. This vector 
was derived f rom pIRT.V". a prdl lN-derivcd translalional fu- 
sion vector which carries a constitutive alcohol dehydrogenase 

(ADH) pnnnnlrr >md Hit S. t:rrrvi\iur tftt2 marker selcrOiblc !iv 

^implementation »f Icticine auxotropliii iission yeast. pLAGLS 
includes the.se IVaturrs phis an .S\ puntl* autonomous irplitation 
sequeiu:r (A RSI) mih! ah .SV-J0 tint™ ripiion terminaii<»n se- 
quence situated downstream from the AD1I promoter and sep- 
arated from the latter by an expanded multiple cloning site. The 
SCA-encodinjEi ^«'»'*" in pWDI was converted from a transcrip- 
tional to a iranMuiiomil luxion cassette by PGR. An oligonucleo- 
tide PGR primer (V| - SLNSt2) was urcpaird which, when com- 
bined in a PGR synthesis with the previously employed V 
(wnioriisc) v H primer (VHANTI) and pWDI, yielded a product 



suiiahtr f.w ll^uion into pKACK2. V!-SfeNSE 2 Bub»ututc« the 5' 
com ml vrquences flanking the SGA iMsetle in pWDI (see Re- 
hulu) wiih ;m A'/ir/ rcsiricoon siic, wliidi cuntainj in iu rceotfni- 
don se^tteiice (CATATt;) the A TO «iart codon, Tim PGR 
IJioduci was purilied and lifted into NtUi/HgUl^i\gc$\c6 
pKAGL^. The rcsulijn^ ronsiruct, pM)l ( was verified as above 
for pWOl. 5. bomb? h-, Ituh.32 was transformed wiih plasmid 
plU)l by stuuclard proerdtircs 21 except that yean were initially 
rcsuspfiidril in 0.1 M lithium acetate. 10 mM Tris-HGl, pH 7.. r ). 
1 mM LD1A and that .OOOfc polyethylene glycol was added 
(nllowiim mi>inn of pbisniid a;id prepared yeast. Transformatior 
imxturcs were pbned on agar coniairiirtg 0.07% yeast niirogct; 
b;i>e whhoiii amino acids nnd 2% glucose. Putative transformants 
wrre verified, by PGR as follow*. A 3 ml culture of each isolate was 
grown lo ^titration in KMM-2 uiediii;n" and ntncentnitrd 
5-fold by tfniiifuyHtion and tesusjietision in ir.ll widl di^rstion 
hiiller (.SO mM citrate- phosphate pM 5.6, 12 M sorbitol 3'mg/rnl 
Novozymc). Folluwinn min incubation at H7 V G, eelli were 
washtrd >md rcstispcnclcd in MOO \i\ TF hnffer with 200 mg of 0. 1 
mm glass beads. The sus 1*11:1 ion was n filiated ^0 sec in a Mini 
Re;ul- 15 cater (BioSpec) on r%h set line. The resulting lysatc was 
mat buied h tnin in boiling viicr and rlarifiwl hy niiiTOceniriln 
nation at 13.000 x j» h»r f\ mining One ixl of clear supernatar 
eojnbincd with PGR primrrs VLSENSL2 and VHANTI in 
I'GK vyitihr«iiv as described ahn>ce. The products were vixualizn. 
by lonventional nKaio.se gel rln trophoresis and ethidium bro- 
mide staining. "No templiuc" negative PGR controls were always 
included and yielded no pr od mi. 

Expression of SGA -encoding gene in £. co/i and yeast. Re- 
combinant ;md cnnii ol 4-4-20 ^G.A-eticodinq clones were grown 
;»i ?,VC in Lli broth in OD^, * O.S-0.6 in E. aiti XLl-Bluc. 
whereupon IPTG was add^l 10 a final concentration of 0.4 mM 
to iiidner rvpression of the SGA pene under let control. Follow- 
ing three hours of itidun.ivc ^iciwtfi. 2 ml. of l>ai:ieiial cultur" 
were concern utici I 2(i-fold In ; cntrif u Ration and ir^tispeusion ;* 
l> protein Sample linUrr roiisislinj; of 62-5 mM Tn* pH 0. 
10^ ulvceroi. M S!-mcrrapiocihanol and 2.:V^ sodium doder . 
MtH ate. Thirty pi samples were elrr.irophore.^d in If)Vf SU.S 
polvacubiiniile jrels fA and separated proteins were elcctropho 
resrd in I.VJ SDS polyacrybnniili* gels v: * and se.piiraicd proteins 
were elect roblniied 10 nitnxrlhilose membranes ove.nii)(hi at 
*»0V (tonsiatii voltaic)**. liloLs were nrnhed with rabbit iitui- 
idiotypc _ polyclonal I Jintiscrom, dirrdal against the murine l^rG 
-l«l-2(r La -'. positive aniiqen-Hiitibody reaaions were" deled etl with 
secondary goat ami-rabbit Itf's conjugated to alkaline phospha- 
tase. Positive controls consisted of partially purified 4-4-20 lgG 
l'otal fission yrrasi jnoiriiis were eMntcted in a lUHiiuer wmilar 0 
1 hiii described above for vca.u nucleic acids. Cultures were 1 
to late exponential phase in VNB/AS medium (0.07% yc »t 
nitrogen base without amino iicidji, 0.5% ammonium sulfate 'and 
U.O'/f- glucose) pelleted, resuspended at IOI)x conc.cntrauon in 
extracuon buffer consisting of 50 mM Tri.vHGI. pH O.ft, 100 mM 
dithimhteitol, 2% sodium dodeo-| sulfate. 0.1% bromephenol 
bine and 10^ glycerol. The cell suspension wns then subjected to 
I min of axii>uion in the Mini Head-15cater (high setting) <md the 
hsate dunned by ccntnfugaiion. 

Fluore«<:rin Sep ha rope affinity chromatography. Fluotesccin- 
Sepharosc affinity matrix was a pfi of Lisa Dctuin. Cultures ol E. 
rati rat 1 ying Sf'A gene constructs were grown in 250 nil volumes 
and induced an above. (Iclls were, pelleted . r > min at 8000 x g . d 
I'CMiMietidrd in 10 ml PR.S |0.R7c NaCI, 0.02% KG1. 0.H 'A 
Nii-.HPO,. 0.024% KHyJ'O,. pH 7.4) supplemented with 1,74 
W'trtl phenylmethylsullonyi fluoride and H u-g/inl Icupepdn. The 
suspension w;is pii.^^rd ihrongli a French pressure rclliit 1700 psi 
nnd ihr irstiUani lysine was clarified by centrifugal ion at lfi t M)0 
* g. J he supernainnt was saved and the pellet resuspended in 4 
ml Pb\S. Koih were stored at -20'G. Oner thr presence in the 
>upcrnaiam oGSCA immunme;)ciive miiterial wus confirmed (»ce 
Results). 4 ml of su|>ernataut wrrr combined with ml packerl 
PBS washed fluorescein Sepharosc and incubated for 1 2-48 h in 
darkness at 4 V G with gfmtle mm king. The matrix was washed v. ice 
in PBS and resuspended in 2x protein loading buffer. ' hc 
sus|x'nsion was then boiled, thr. matrix pelleted and a pon : of 
the supernatant loaded onto an SDS polvacrylamirJc gr. for 
electrophoresis and immunobloiting as tleM^-ibcd above. Kur 
athnity chromatographic analysis, total protein from lysaics ol'S. 
ponibe was prepiired as alwive/The lysine was clarified by ccnirif' 
iigjition and treated as described above for E. colt lysates. 

UNA sequence analysis. All DNA sequencing was carried out 
on double stranded plasmid templates prepared by the rapid 
iilloiliue lysis method™ Sequencing protocols followed the. rood- 
died i 7 UNA polymerase enzyme supplier's recommendations. 
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